Abstract Autoantibodies specific for idiopathic inflammatory myopathy (myositis-specific autoantibodies (MSAs)) are clinically useful biomarkers to help the diagnosis of polymyositis/dermatomyositis (PM/DM). Many of these are also associated with a unique clinical subset of PM/DM, making them useful in predicting and monitoring certain clinical manifestations. Classic MSAs known for over 30 years include antibodies to Jo-1 (histidyl transfer RNA (tRNA) synthetase) and other aminoacyl tRNA synthetases (ARS), antiMi-2, and anti-signal recognition particle (SRP). Anti-Jo-1 is the first autoantibodies to ARS detected in 15-25 % of patients. In addition to anti-Jo-1, antibodies to seven other aminoacyl tRNA synthetases (ARS) have been reported with prevalence, usually 1-5 % or lower. Patients with any anti-ARS antibodies are associated with anti-synthetase syndrome characterized by myositis, interstitial lung disease (ILD), arthritis, Raynaud's phenomenon, and others. Several recent studies suggested heterogeneity in clinical features among different anti-ARS antibody-positive patients and anti-ARS may also be found in idiopathic ILD without myositis. AntiMi-2 is a classic marker for DM and associated with good response to steroid treatment and good prognosis. Anti-SRP is specific for PM and associated with treatment-resistant myopathy histologically characterized as necrotizing myopathy. In addition to classic MSAs, several new autoantibodies with strong clinical significance have been described in DM. Antibodies to transcription intermediary factor 1γ/α (TIF1γ/ α, p155/140) are frequently found in DM associated with malignancy while anti-melanoma differentiation-associated gene 5 (MDA5; CADM140) are associated with clinically amyopathic DM (CADM) complicated by rapidly progressive ILD. Also, anti-MJ/nuclear matrix protein 2 (NXP-2) and antismall ubiquitin-like modifier-1 (SUMO-1) activating enzyme (SAE) are recognized as new DM-specific autoantibodies. Addition of these new antibodies to clinical practice in the future will help in making earlier and more accurate diagnoses and better management for patients.
Introduction
Specific autoantibodies in systemic autoimmune rheumatic diseases (SARD) are clinically useful biomarkers associated with a particular disease and/or clinical manifestations. Some of them, such as anti-Sm and dsDNA antibodies in systemic lupus erythematosus (SLE), anti-topoisomerase I (topo I; Scl-70) and RNA polymerase III in scleroderma (SSc; systemic sclerosis), and anti-Jo-1 in polymyositis/dermatomyositis (PM/DM) are highly specific for a particular diagnosis and called disease marker antibodies and included in classification criteria of each disease [1, 2] . These autoantibodies are detectable years before clinical manifestation or diagnosis and thus have predictive value for the development of the disease [3] . A majority of disease-associated autoantibodies in SLE and SSc have been known for decades and there are a few classic PM/ DM-specific autoantibodies such as anti-Jo-1 [4] and Mi-2 [5, 6] . In recent years, there has not been any identification of new autoantibodies in SLE and SSc with significant impact on clinical medicine although many known classic autoantibodies are continuingly used as standard clinical tests. In contrast, several new and important autoantibody specificities with strong clinical impact, such as antibodies to transcription intermediary factor 1γ (TIF1γ) that are frequently found in cancer-associated DM [7, 8] and anti-melanoma differentiation-associated gene 5 (MDA5) associated with clinically amyopathic DM (CADM) with rapidly progressive interstitial lung disease (ILD) [9] [10] [11] [12] , have been identified in PM/DM. Autoantibodies that are found in PM/DM are often classified into myositis-specific autoantibodies (MSA) and myositisassociated autoantibodies (MAA) [6, 13, 14] . MSAs are almost exclusively found in PM/DM among SARD, although some antibodies such as anti-aminoacyl transfer RNA (tRNA) synthetases (ARS) are also found in patients classified as idiopathic ILD [15] [16] [17] . In this article, we will focus on recent updates on clinical significance and discuss other issues related to MSA.
Myositis-Specific Antibodies and Myositis-Associated Antibodies
Autoantibodies found in patients with PM/DM have been classified into MSA and MAA [6, 13, 18, 19] (Table 1) . These are clinically relevant well-accepted concepts. However, there are differences in opinion on antibodies to be included in MSA vs. MAA, in particular to the latter.
MSA is defined as autoantibody specificities that are considered relatively specific for PM/DM [6, 13, 18, 21] . The disease specificity is usually defined based on comparison of the prevalence of autoantibodies within various SARD and data on screening of MSA in non-SARD patients are often limited. Detection of certain anti-ARS, such as antibodies to PL-12 [15] and KS [16] in patients with idiopathic ILD, has been reported. One recent study reported that 10 % of patients with idiopathic ILD had anti-ARS [17] . This is not a surprise because the anti-ARS has a strong association with ILD and ILD may precede myositis in some cases. Nevertheless, some patients appear to stay as idiopathic ILD for many years and may not develop myositis. Despite detection of some MSA in non-PM/DM patients, their specificity for PM/DM among SARD is consistent and has clear clinical significance.
There are several classic MSA known for years including antibodies to Jo-1, PL-7, PL-12, EJ, OJ, Mi-2, and SRP [6] . Perhaps, there is not much disagreement to classify them as MSA as they are specific for PM/DM among SARD. In addition, each of them is associated with certain clinical manifestation such as anti-ARS with anti-synthetase syndrome and anti-SRP with treatment-resistant necrotizing myopathy. BWhich new autoantibodies should be classified as MSA^is not well established and arguable. Among new antibodies, perhaps anti-TIF1γ/α and anti-MDA5/CADM-140 are the two that have the best evidence to be considered MSA and also both are associated with distinct clinical subsets of DM; anti-TIF1γ/α with cancer-associated DM [7, 8, 22] and anti-MDA5 with ADM or CADM often complicated by rapidly progressive ILD (RPILD) [9, 10] . Other antibodies such as anti-MJ/nuclear matrix protein 2 (NXP-2) and small ubiquitin-like modifier-1 (SUMO-1) activating enzyme (SAE) are less prevalent and limited data are available [14] .
Definition of MAA is more vaguely defined than MSA as Bautoantibody specificity found in PM/DM but not specific Table 1 Myositis-specific and myositis-associated autoantibodies for this diagnosis and may be found in other SARD^ [21] . MAA include anti-PM-Scl, anti-Ku, anti-U1ribonucleoprotein (RNP), and U1/U2RNP, which are all associated with a subset of PM/DM-overlap syndrome. They also are associated with muscular involvement in SLE and SSc even if they are not considered PM/DM-overlap syndrome. Anti-Ro52 is classified as MAA in some studies [14] ; however, the significance of antiRo52 appears to be different from others in this category. AntiRo52 is frequently detected in patients with anti-Jo-1, PL-7, PL-12, and others but also found frequently in patients with SLE, SSc, SjS, and other diseases [23] .
Anti-Ro60 and anti-La [24] [25] [26] and anti-U3RNP [27, 28] are also included in MAA in some articles. Significance of anti-U3RNP may be somewhat similar to that of anti-Ku and PM-Scl as it is sometimes found in SSc-PM-overlap syndrome.
Distribution of anti-Ro52 appears to be more similar to that of anti-Ro60 and anti-Su/Argonaute2 (Ago2) [29] and its association with a subset of PM/DM or muscle involvement is not clear other than the data that it often coexists with anti-ARS [23] . Classifying these antibodies as MAA may be confusing because these three antibodies are also commonly found in SSc and SLE. If these antibodies are classified as MSA, they also may need to be called scleroderma-associated and SLE-associated autoantibodies and would be confusing. In addition, anti-Ro60, Ro52, and anti-Su/Ago2 are the specificities found in unselected populations or healthy individuals relatively frequently (~0.5-1 %) in contrast to rare occurrence (<0.1 %) of MSA and other MAA that is associated with overlap syndrome [20] .
Spectrum of Muscle and Skin Involvement in Inflammatory Myopathy and Myositis-Specific Autoantibodies
Spectrum of muscle and skin involvements in inflammatory myopathy varies from muscle disease without skin disease (Fig. 1, PM, left) , involvement of both muscle and skin with different degree of each (DM, middle) to skin disease with minimal muscle involvement (CADM), or no muscle involvement (ADM). Anti-ARS is detected in both PM and DM and occasionally in ADM. Most anti-SRP-positive patients have PM and a majority of anti-Mi-2, TIF1γ/α, MJ/NXP-2, and SAE are found in DM. Anti-MDA5 is mainly found in CADM/ADM and prominent muscle disease is uncommon. Anti-Jo-1 and other ARS, anti-SRP, and anti-Mi-2 are considered classic MSA. The several new MSA described recently including anti-TIF1γ/α, anti-MJ/NXP-2, anti-SAE, and anti-MDA5, are all mainly detected in DM and each of them is associated with a unique subset. Although all MSA are specific for PM or DM, presence of more than one MSA in each patient is uncommon for unknown reasons [6, 14] . Non-MSA autoantibodies associated with PM/DM overlap syndrome such as anti-Ku, PM-Scl, U1RNP, and U1/U2RNP are not shown here, but they can be found in both PM and DM (Table 1) . Coexistence of anti-U1RNP with anti-Ku or anti-ARS is relatively common.
Myositis-Specific Antibodies
MSA specificities and characteristics of target autoantigens are summarized in Table 2 . Prevalence and association with subset of PM/DM and clinical association are summarized in Table 3 . This section will mainly focus on clinical significance of MSA in adult PM/DM patients because the prevalence and clinical association of MSA are quite different in juvenile DM (JDM).
Anti-ARS
Anti-ARS are a group of autoantibodies that recognize the cytoplasmic amino acid-charging enzymes, aminoacyl tRNA synthetases. So far, autoantibodies to eight of them including histidyl (Jo-1), threonyl (PL-7), alanyl (PL-12), glycyl (EJ), isoleucyl (OJ), asparaginyl (KS), phenylalanyl (ZO), and tyrosyl (YRS/HA) tRNA synthetases have been reported [14] . Anti-Jo-1 antibodies are the first MSA and anti-ARS described in 1980, defined by DID using calf thymus extract as antigen [4] . Anti-Jo-1 was detected in 30.8 % (8/26) of PM, 4.5 % each of DM (1/22) , and overlap syndrome (1/22, 1/11 of PM-SSc overlap) but not in SLE, SSc, rheumatoid arthritis (RA), and other diseases. Arnett et al. confirmed disease specificity of anti-Jo-1 (30 % (6/20) in PM and 13 % (2/16) of DM) but did not find clinical features associated with anti-Jo-1 [31] . Yoshida et al. confirmed disease specificity of anti-Jo-1 in Japanese patients, finding in 28 % of PM/DM (9/32, 8 PM and 1 DM) and 2/28 overlap syndrome but none in SLE, SSc, and RA [32] . Importantly, they for the first time noted unique clinical features associated with anti-Jo-1, later known as antisynthetase syndrome. All nine cases of anti-Jo-1 (+) PM/DM Fig. 1 A summary of the association of myositis-specific autoantibodies with the spectrum of muscle and skin involvements in different subsets of PM/DM had ILD and polyarthritis, and hypocomplementemia and rheumatoid factor were also more common compared with anti-Jo-1-negative patients.
Following studies confirmed an association of anti-Jo-1 antibodies with a unique clinical subset characterized by myositis, ILD, arthritis, mechanic's hands, and Raynaud's PM polymyositis, DM dermatomyositis, ILD interstitial lung disease, CADM clinically amyopathic dermatomyositis, ADM amyopathic dermatomyositis phenomenon [13] . Autoantibodies to the other seven ARS have been described using immunoprecipitation (IP) technique [14] . Interestingly, autoantibodies to all other aminoacyl tRNA synthetases are associated with the same syndrome, which has been designated anti-synthetase syndrome [13] . Anti-Jo-1 antibodies, usually found in 15-25 % of PM/DM patients, are by far the most common among anti-ARS antibodies; all others are usually found only in 0.5-6 % of patients [13, 18, [33] [34] [35] [36] . The reported frequency of various antisynthetase antibodies is very similar in all previous studies regardless of the race, ethnicity, or nationality of the subjects [18, [34] [35] [36] , except for a report suggesting clustering of anti-PL-12 in southern USA [37] and high prevalence of anti-PL-7 in a Japanese cohort [38] . Therefore, whether there is any difference in clinical manifestations between patients with different anti-ARS autoantibodies has not been studied extensively. Nevertheless, some differences in clinical manifestations between different anti-synthetase antibodies have been described. Reports on anti-PL-12 and anti-KS suggested that they are common in ILD without myositis [15, 16, 37] . A high frequency (5/7, 71 %) of PM/DM-SSc overlap in anti-PL-7-positive Japanese patients was reported [39] . However, it was not confirmed by another Japanese study [38] and also was unusual in other studies [33] . Yamasaki et al. found anti-PL-7 in 17 % of their PM/DM cohort and reported an association with milder muscular involvement [38] . More recently, several studies reporting on differences in clinical features of different anti-ARS have been published. Kalluri et al. analyzed clinical features of 31 anti-PL-12-positive patients and reported that anti-PL-12 is strongly associated with ILD but less so with myositis and arthritis and 3/31 cases were idiopathic ILD [40] , consistent with an earlier study [15, 37] . Labirua-Iturburu et al. reviewed their 18 cases of anti-PL-7-positive patients and found 50 % of patients had pericardial effusion, in addition to common features of antisynthetase syndrome [41] . Marie et al. compared 75 anti-Jo-1 (+) patients vs. 20 anti-PL-7 (n=15)/PL-12 (n=5) (+) patients and reported that the latter had milder muscle involvement and less recurrence of muscle disease [42, 43] . In contrast, anti-PL-7/PL-12 was associated with early and severe ILD and gastrointestinal manifestations. Aggarwal et al. compared 122 anti-Jo-1 vs. 80 non-Jo-1 anti-ARS and reported that anti-Jo-1 (+) patients had more myositis (83 vs. 40 %) and less overlap/undifferentiated connective tissue disease (UCTD; 17 vs. 47.5 %) [44] . The non-Jo-1 group had delayed diagnosis and low survival rate. Hamaguchi et al. compared clinical features of patients with different anti-ARS and reported that while most patients with anti-Jo-1, EJ, and PL-7 had a diagnosis of PM/DM, it was CADM or ILD for anti-PL-12 and ILD for anti-KS and anti-OJ [45] .
In summary, patients with any anti-ARS have a similar clinical syndrome known as anti-synthetase syndrome; however, several recent studies suggest that antibodies to non-Jo-1 ARS are associated with earlier and more severe ILD and poor prognosis compared with anti-Jo-1 (+) patients. Also, non-Jo-1 anti-ARS (+) patients are more likely to have ILD without typical myositis.
Anti-SRP
SRP antigen is a complex of 7SL RNA and several proteins including 72, 68, 54, 19, 14, and 9 kD, playing a role in regulating the translocation of proteins across the endoplasmic reticulum. Anti-SRP antibodies were originally described by IP in a patient with PM [46] . Another study also identified anti-SRP antibodies in two patients (a Japanese patient with typical PM and a patient with non-destructive arthritis). The former serum was described in an earlier study as immunoprecipitating 7.5S RNA [47] , which was identified as 7SL RNA of the SRP complex [48] . The first large case series of anti-SRP-positive cases by Targoff et al. reported 4 % in PM/DM and 18 % of PM/DM patients with anticytoplasmic antibodies other than anti-Jo-1 from the analysis of 265 cases of PM/DM [49] . All 13 cases were PM and anti-SRP was associated with classic PM and some were unusually severe and/or rapid onset. Low prevalence of ILD, arthritis, and Raynaud's phenomenon were associated with this subset [49] . Hirakata Muscle pathology of anti-SRP-positive patients was characterized by the presence of necrotic muscle fibers and no inflammatory infiltrates [51] similar to the findings by Miller et al. [52] . Takada et al. analyzed 23 anti-SRP-positive patients, 21 were PM (2 with RA), 3 DM, and 2 RA without myositis [53] . Clinical and pathological characteristics were consistent with other studies. Benveniste et al. reported correlation of anti-SRP antibody levels determined by a newly developed addressable laser bead assay (ALBIA) to one of the SRP components SRP54 and creatine kinase (CK) levels [54] . Other studies validated anti-SRP54 enzyme-linked immunosorbent assay (ELISA) vs. IP and showed a parallel change of anti-SRP54 levels and serum CK levels [55, 56] . Since anti-SRP antibody itself is not considered directly pathogenic, it is possible to consider the simple result of treatment with steroid, rituximab, and immunosuppressive agents for myositis have reduced both CK levels and anti-SRP antibody levels.
Although coexistence of more than one MSA in each patient is uncommon, there are a few reports on coexistence of anti-SRP and anti-ARS; two cases of anti-SRP with anti-Jo-1 [57, 58] and cases with anti-PL-12 were reported [50, 59] .
MSA generally recognize protein components of the target antigen; however, one study reported that 50 % (5/10) of Japanese and 5 % (1/22) of North American patients with anti-SRP had antibodies directed against 7SL RNA [60] .
Several recent studies focused on the association of anti-SRP antibodies with a unique histological subset of PM/DM, necrotizing myopathy [51, 55, 56] . Prevalence of necrotizing myopathy in patients with anti-SRP antibodies in the literature is summarized (Table 4) . Suzuki et al. analyzed clinical features of 100 anti-SRP antibody-positive cases, selected based on IP of 7SL RNA [56] . Eighteen of them were IP positive but negative for anti-SRP54 ELISA. Histologically, 84 % had necrotizing myopathy while 14 % had non-specific myositis and one each had PM or DM pathology, supporting findings in other studies that a majority of anti-SRP-positive cases had necrotizing myopathy.
Necrotizing myopathy is a heterogeneous pathological category including autoimmune (autoantibody associated), drug-induced, paraneoplastic, viral infections, and others. A few studies started from necrotizing myopathy and examined the sensitivity of anti-SRP antibodies [52, 55, 61, 62] . Prevalence of anti-SRP antibodies in patients with necrotizing myopathy is summarized (Table 5) . Anti-SRP antibody was the most frequent etiology that 53 % (34/64) of patients with necrotizing myopathy had [63] . In contrast, none of sera from 23 patients with necrotizing myopathy were tested positive for anti-SRP by line immunoassay (LIA) in another study [61] . In Chinese patients with PM/DM, 16/123 cases (13 %) with necrotizing myopathy had anti-SRP antibodies detected by LIA [62] . Thus, two studies using IP to detect anti-SRP antibodies showed prevalence of 41-52 % [55, 63] while the other two studies using LIA showed low prevalence of 0-13 % [62, 64] in patients with necrotizing myopathy. Whether the difference is due to genetic or environmental factors, selection bias of patients, or different immunoassay remains to be clarified.
In summary, the majority of literature support that anti-SRP is specific for PM and associated with treatment-resistant severe myopathy, which is histologically characterized by necrotizing myopathy [50] [51] [52] [53] 62] .
Anti-Mi-2
Autoantibodies to Mi-2 were originally defined by DID using calf thymus extract as antigen and reported as the first specific serologic marker of DM [5] . Eleven of 52 DM patients were positive by DID but none detected in PM though a few more sera were detected positive by ELISA in other diseases [5] . Love et al. reported anti-Mi-2 in 13 % (10/79) DM and 8 % (1/13) cancer-associated myositis but again none in PM, confirming specificity for DM [18] . Anti-Mi-2 was associated with classic DM skin rash, good response to steroid, and good prognosis. Components of Mi-2 antigen were characterized by IP and western blot (WB) [65] and later identified as nucleosome remodeling deacetylase complex (NuRD) [66] .
All previous studies confirmed that anti-Mi-2 antibodies are nearly specific for DM when tested by DID or IP, though positive sera in PM may also be found in particular by ELISA [5, 67, 68] (Table 6 ). Clinical studies are consistent in showing that anti-Mi-2 is associated with classic features of DM including Gottron's papules, heliotrope rash, shawl sign, and V-sign, but a risk to develop clinically significant ILD is low and cancer is uncommon [5, 18, 68, 69] . This subset of patients responds well to steroid therapy and has a good prognosis [18] . However, clinical characteristics associated with anti-Mi-2 have not been studied extensively due to limited availability of the immunoassays and relatively low prevalence in PM/DM. One study from Mexico compared clinical features of anti-Mi-2 positive patients vs. others as the prevalence of anti-Mi-2 in this cohort was high (35 % in PM/DM, 45 % in DM) [77] . High CK level before treatment was noted Although all studies showed the specificity of anti-Mi-2 for DM, reported prevalence of anti-Mi-2 in different studies is quite different even in the same country [77] as summarized in Table 6 . Prevalence of anti-Mi-2 in DM varies 5-27 % in Italy and 2-19 % in Japan. In a study that examined the role of environmental factors in the production of anti-Mi-2, prevalence was as low as 3.2 % (Montreal, Canada), 3.7 % (Warsaw, Poland), and 5.4 % (Bethesda, USA) in some areas while it was 60 % (Guatemala City, Guatemala), 36.1 % (Mexico City, Mexico), and 23.1 % (Santiago, Chile) in Central and South American countries [78] . Another study also showed 59 % prevalence of anti-Mi-2 in DM patients in Mexico City, but it was only 12 % in Guadalajara [77] , suggesting a role of factors other than ultraviolet (UV). Correlation of UV radiation of the area with development of DM and production of anti-Mi-2 antibodies was suggested [78, 79] . However, roles of genetic vs. environmental factors responsible for the production of anti-Mi-2 will need further studies because the majority of countries with very high prevalence of anti-Mi-2 are in Central and South America [77, 78] .
Anti-MDA5/CADM140
It has been known for years that a subset of DM patients may have typical DM skin rash but have little or no muscle involvement, and these patients are called ADM or CADM [80, 81] . A subset of CADM patients may also develop RPILD, resistant to treatment and with poor prognosis. DM patients with these uncommon features did not express the classic MSAs or marker antibodies until Sato et al. described a new autoantibody called anti-CADM140 that is associated with CADM and ILD [10] . In this report, Sato et al. described 53 % (8/15) of Japanese CADM patients with anti-CADM140 antibodies, but none in 61 PM, 27 classic DM, other SARD, or idiopathic pulmonary fibrosis, thus this antibody is considered specific for CADM. Furthermore, 50 % (4/8) of anti-CADM140-positive DM had RPILD vs. 6 % (2/34) in anti-CADM140-negative DM. The target antigen was later identified as a cytoplasmic viral double-stranded RNA (dsRNA) receptor involved in innate immune response, called MDA5 or interferon induced with helicase C domain 1 (IFIH1) [9] . The possible mechanism leading to the autoimmune response is the binding of the viral dsRNA to MDA5 and the consequent induction of type I interferon responses. Another study from different institutes in Japan confirmed the strong association of anti-MDA5/CADM140 with CADM, RPILD, poor prognosis, high prevalence of liver dysfunction, and increased serum levels of ferritin [11, 12, [82] [83] [84] . In particular, Gono et al. reported that high ferritin levels are associated with poor prognosis for ferritin levels >1600 ng/ml [83] . No overlap with other SARD is present in DM patients with anti-MDA5/CADM140-positive antibodies, as shown by Hoshino et al., who reported that 65 % (20/31) of anti-MDA5/CADM140 positives were CADM and only one had another diagnosis (SSc) [11] . Anti-MDA5/CADM140 was also associated with ILD in JDM [85] , and a few cases of apparent myositis were reported in anti-MDA5/CADM140-positive patients [12, 85] .
Overall, studies on anti-MDA5/CADM140 in DM showed a prevalence ranging from 3 to 58 %, and this percentage increases up to 100 % when only CADM patients are considered. Moreover, prevalence and specificity of autoantibodies in PM/DM are quite different between studies from different countries or even within the same countries [38, 77] , and this is true also for anti-MDA5/CADM140 antibodies. All earlier reports on anti-MDA5/CADM140 antibodies were on cohorts of DM patients in Asian countries, mainly Japan and South Korea [9-12, 83, 84, 86-88] , except for some recent studies from the USA [89, 90] . In one of the two reports on anti-MDA5/CADM140 antibodies in cohorts of American DM patients, the authors also identified a unique cutaneous phenotype characterized by skin ulcerations, tender palmar papules, or both, and by severe arthritis [89] . In another US study, 6.9 % (11/160) of DM had anti-MDA5/CADM140 but 6/11 had overt clinical myopathy and 8/11 had ILD [90] . Their anti-MDA5/CADM140 patients were similar to anti-synthetase syndrome and were not associated with RPILD, in contrast to Asian studies.
There have been two recent studies from Europe. In a study from Italy, anti-MDA5/CADM140 antibodies were detected in 7 % (5/76) of adult European Caucasian patients with PM/ DM, and they were the second most frequent specificity after anti-MJ antibodies (8/76, 11 %) [91] . All five anti-MDA5/ CADM140 (+) patients had a diagnosis of DM, with CADM and normal CPK levels similar to reports from Asian countries [9] , and a significantly higher prevalence of ILD compared with anti-MDA5/CADM140 (−) DM patients. Another study from Spain reported 12 % (14/117, 8 were CADM) prevalence of anti-MDA5/CADM140 in 117 DM patients [92] . Eight of 14 anti-MDA5/CADM140-positive patients had RPILD, similar to Asian cohorts [10] but different from US cohorts [90] . Anti-MDA5-positive patients with ILD had lower survival rates vs. anti-ARS-positive ILD. Among cutaneous manifestations, only panniculitis was significantly associated with anti-MDA5/CADM140. These differences in the prevalence and clinical features associated with anti-MDA5/CADM140 suggest the importance of accumulating data on prevalence and clinical association of MSAs from different ethnicities.
Muro et al. showed that anti-MDA5/CADM140 antibody levels can be related to disease activity, as they decrease and become negative by ELISA in nine of ten patients considered in remission after treatment, whereas the level of control anti-diphtheria toxoid DT antibodies did not change [87] . Sato et al. reported that anti-MDA5/ CADM140 antibody levels in patients who responded to therapy and survived was significantly lower than the patients who did not respond and died [93] . These are very interesting findings as they suggest that anti-MDA5/ CADM140 antibody levels may be used as a biomarker of disease activity and to predict response to therapy.
In summary, most reports describe that anti-MDA5/ CADM140 antibodies are specific for DM and a majority of patients have CADM and high prevalence of RPILD leading to poor prognosis [9] [10] [11] .
Anti-TIF1γ/α and β Targoff et al. identified a new autoantibody called antip155/140 that immunoprecipitated a set of 155 and 140 kD proteins and has a striking association with cancer-associated DM [7] . P155 was identified as TIF1γ and published in an abstract [94] . Fujimoto et al. later confirmed p155 as TIF1γ and identified p140 as TIF1α [8] and anti-p155/140 has now been called anti-TIF1γ/α. In addition, anti-TIF1β was also identified in combination with anti-TIF1γ/α in some cases [8, 95] . TIF1α, TIF1β, and TIF1γ belong to the TIF family of transcription cofactors and are part of a tripartite motif superfamily (TRIM24, TRIM28, and TRIM33, respectively) [96] .
In the original study, anti-p155/140 was found in 75 % (6/8) of patients with cancer-associated myositis though it was also detected in 29 % of JDM, 33 % of overlap syndrome, and 21 % of adult DM [7] . When the clinical features of antip155/140 patients were compared with those with anti-ARS, prevalence of fever, Raynaud's phenomenon, arthritis, ILD, and mechanic's hand was lower, in particular none of the 16 anti-p155/140 patients had ILD. V-sign rash, shawl sign rash, and malignancy was significantly higher in anti-p155/140 patients [94] . The association of anti-TIF1γ/α with DM, in particular with cancer-associated DM has been confirmed in many reports from the USA [7] , UK [97] , Spain [98] , Japan [8, 11, 82, 99] , and South Korea [100] . Almost all anti-TIF1γ/α-positive patients have DM with typical skin rash but low prevalence of ILD. Prevalence of anti-TIF1γ/α antibodies in adult inflammatory myopathy ( Table 7) and association of anti-TIF1γ/α antibodies with malignancy (Table 8) in the literature are summarized. Prevalence of anti-TIF1γ/α in cancer-associated DM is 22-100 %, and all reported statistically significant associations of anti-TIF1γ/α with malignancy in DM (Table 7 ) except one study [101] that reported high prevalence of malignancy in overall DM. Prevalence of malignancy in anti-TIF1γ/α antibody-positive patients was 42-100 % (Table 8) . Metaanalysis indicated sensitivity of anti-TIF1γ/α for cancerassociated DM as 0.50 to 1.00, combined 0.78 (95 % confidence interval (CI), 0.45-0.94), whereas specificity was 0.79-1.00, combined 0.89 (95 % CI, 0.82-0.93) [22] . However, it should be noted that association of anti-TIF1γ/α with cancer does not seem to apply to children [97] or young adults affected by DM [8] .
Anti-MJ/NXP-2
Anti-MJ antibodies recognize a~140-kD nuclear protein called nuclear matrix protein 2 (NXP-2; also known as MORC3) [102] [103] [104] , which plays an important role in diverse nuclear functions such as RNA metabolism and maintenance of nuclear architecture [102] . NXP-2 localizes in the promyelocytic leukemia (PML) nuclear bodies, where it recruits and activates p53 to induce cellular senescence [103, 105] . Anti-MJ/NXP-2 antibodies were originally described in 1997 in a subset of patients with JDM, who were characterized by severe refractory DM with polyarthritis, joint contractures, severe calcinosis, and intestinal vasculitis [106] . More than 10 years later, two studies in JDM were published [107, 108] . In the first study of a cohort of Argentine pediatric myositis patients, anti-MJ/NXP-2 antibodies were the most prevalent specificity (25 % of cases), associated with muscle contracture, atrophy, and significant compromise of the functional status [107] . In the other study, based on the JDM National Registry and Repository for UK and Ireland, 23 % prevalence of anti-MJ/NXP-2 in juvenile myositis patients was reported, and they were all JDM with significantly higher prevalence of calcinosis (54 vs. 15 % in anti-MJnegative patients) [108] .
Anti-MJ/NXP-2 antibodies in adult patients with myositis was first reported in a British cohort [109] . Anti-MJ/NXP-2 were found in 3 % (11/393) of PM/DM and 6 % in DM and none in PM. In anti-MJ/NXP-2-positive patients, typical DM skin rash was common and higher prevalence of ILD (64 vs. 28 % in anti-MJ/NXP-2-negative DM) was noted, but only one had calcinosis and none had cancer. This is in contrast to what was reported in another study of anti-MJ/NXP-2 antibodies in adult myositis patients in Japan. The authors estimate 1.6 % (8/507) prevalence of anti-MJ/NXP-2 [110] , and they show higher prevalence (four of eight cases) of malignancy associated with this autoantibody [110] . A US study also reported anti-MJ/NXP-2 in 17 % (37/ 213) of adult DM patients and anti-MJ/NXP-2 was specifically associated with cancer in males (odd ratio, 5.78; 95 % confidence interval, 1.35-24.7) [111] . No similar finding on the association between anti-MJ/NXP-2 antibodies and higher risk of cancer was detected in other cohorts. A French-Canadian study reported [113] . In an Italian study [75] , anti-MJ/NXP-2 antibodies were the most prevalent specificity (30 % in DM and 17 % in PM/DM) detected at a prevalence similar to the one observed in JDM Argentinian [107] and UK/Ireland [108] cohorts but much higher than other adult DM studies [109, 110] . Lack of malignancy in anti-MJ/NXP-2-positive patients in the Italian cohort [75] may be related to their young age compared with anti-MJ/NXP-2 (+) patients with malignancy in other cohorts [110] . This may be similar to a strong association of anti-TIF1γ/α antibodies with malignancy in middle to old age DM but not in children or young adults [8, 97] . As shown by these reports, prevalence of anti-MJ/NXP-2 antibodies can be very different in studies performed worldwide, and this could be due to different ethnic background, influence of environmental factors on autoantibody production, or simply for technical reasons. Genetic and/or environmental factors within Caucasians may be important variables, since the prevalence of anti-MJ/NXP-2 within Caucasians seems different.
Anti-SAE
Antibodies to SAE were first identified by Betteridge et al. in 2007 in two DM patients [114] . The target antigens of 40 and 90 kD heterodimer proteins were identified as small ubiquitinlike modifier-activating enzyme A subunit (SAE1) and the SUMO-1 activating enzyme B subunit (SAE2), respectively. These are enzymes involved in the post-translational modification of specific proteins known as SUMOylation. Anti-SAE was found in 10 % (2/20) DM but none in 24 PM patients. In the following study in patients recruited to the Adult Onset Myositis Immunogenetic Collaboration, anti-SAE was found in 4 % (11/ 266) of PM/DM and 8 % in DM as all anti-SAE positives were DM patients [115] . Among 11 patients with anti-SAE, a high frequency of cutaneous lesions including heliotrope (82 %) and Gottron rash (82 %) were identified. Nine of the 11 patients had systemic features (82 %), and dysphagia was noted in 78 % (seven of nine). A majority (78 %) of them presented with skin disease prior to onset of myositis. There are only a few reports from other countries. A study from Italy also found anti-SAE in 7 % (5/73) of DM patients [116] . Prevalence appears low in Japanese as Fujimoto et al. found 1.5 % (7/456) [117] and Muro et al. reported 1.8 % (2/110) prevalence [118] in Japanese DM patients. Clinical features in seven Japanese anti-SAE-positive patients were similar to those in a UK study except that ILD was common in Japanese patients (71 %) [117] vs. 18 % in the UK study (P<0.05) [115] .
Immunoprecipitation Detection of Myositis-Specific Autoantibodies
IP analysis of protein components of autoantigens using 35 Smethionine-labeled cell extract is a very powerful technique that S-methioninelabeled K562 cell extract was immunoprecipitated by sera from patients with PM/DM. Main components of each autoantigen are indicated by arrowheads. Jo-1 histidyl tRNA synthetase, EJ glycyl tRNA synthetase, PL-7 threonyl tRNA synthetase, PL-12 alanyl tRNA synthetase, OJ isoleucyl tRNA synthetase, multienzyme complex, KS asparaginyl tRNA synthetase, SMN survival of motor neuron, SRP signal recognition particle, PM-Scl polymyositis-scleroderma, Mi-2, Mi-2+, TIF1α, TIF1γ/α transcription intermediary factor 1α, TIF1β transcription intermediary factor 1β, MJ/NXP-2 nuclear matrix protein 2, MDA5 melanoma differentiation-associated gene 5, SAE small ubiquitin-like modifier 1 (SUMO-1) activating enzyme, Ku, NHS normal human serum allows screening for almost all known PM/DM autoantibodies in a single assay. Combining the protein analysis with the analysis of RNA components of the autoantigens by urea-PAGE and silver staining is useful for confirmation of RNA-protein complex. Protein IP of MSA and other autoantibodies seen in PM/ DM is shown (Fig. 2) . Molecular weights of the target antigens are summarized in Table 2 . Many myositis autoantibodies can be interpreted almost conclusively while some may require additional techniques for confirmation [1] . Identifying a multiprotein or multiprotein-nucleic acid complex characterized by a set of proteins, such as anti-OJ, SRP, Mi-2, TIF1γ/α, and SAE is usually not so difficult though IP of unrelated proteins is relatively common in certain molecular weight ranges.
Among MSA listed in Table 3 , anti-Jo-1 and Mi-2 were originally defined by DID while all others were defined by IP analysis of proteins, in combination with analysis of RNA components by IP for anti-ARS and anti-SRP. IP is still considered a gold standard for most of them. An apparent weakness of IP is anti-Jo-1, as the Jo-1 antigen is seen as a relatively thin uncharacteristic band in IP, in contrast to other ARS. In addition, it comigrates with IgG heavy chain, making it more difficult to clearly observe. IP analysis of RNA component to confirm the presence of tRNA is helpful; however, it does not tell the tRNA specificity; it only tells immunoprecipitation of Bsome^tRNA and cannot confirm if it is histidyl tRNA or not. Practically, IP of 50 kD protein consistent with Jo-1 and the presence of tRNA by RNA analysis is reasonable to strongly suggest it is Jo-1. IP of 50 kD protein and positive anti-Jo-1 ELISA also is practical. IP of~140 kD protein that exactly comigrates with MDA5 or MJ/NXP-2 immunoprecipitated by a reference serum is reasonable and correctly interpreted in most cases. Nevertheless, it will be ideal to confirm the specificity of an uncharacteristic single band such as MDA5 and MJ/NXP-2 with additional test such as ELISA, western blot, or IPwestern blot. IP and ELISA using biotinylated in vitro transcription/translation product [11] and IP of 35 S-methionine-labeled in vitro transcription/translation product [113] have also been used for these antibody specificities.
SRP72/68, SRP54, SAE1 (40 kD), and SAE2 (90 kD) are confirmed by IP in most cases but there are many proteins of similar size recognized by human sera, and confirmation of exact comigration of the proteins compared with a reference serum may be necessary. For anti-SRP, confirmation by coimmunoprecipitation of small subunits of 19, 14, and 9 kD appears more characteristic than identifying SRP72/68 and SRP54.
Immunofluorescence ANA Staining by Myositis Autoantibodies
Some of the representative immunofluorescence ANAstaining patterns by autoantibodies seen in PM/DM using HEp-2 cells are shown (Fig. 3) . Anti-U1RNP antibodies show a coarse speckled pattern (Fig. 3a) . Anti-Mi-2 (Fig. 3b) , anti-TIF1γ/α (Fig. 3c) , and anti-TIF1β (Fig. 3d ) all show fine speckled nuclear staining, and the difference in staining pattern is not apparent though anti-Mi-2-positive sera show brighter staining in general. Anti-SAE also shows fine speckled nuclear staining (Fig. 3e) . PML body staining is clearly observed by some anti-MJ/NXP-2-positive sera (Fig. 3f) [75] , but it may not be always clear and only nuclear fine speckled staining may be observed by some sera (Fig. 3g) . Anti-SMN stains a few nuclear dots known as Cajal bodies (Fig. 3h) . Anti-PM-Scl antibodies show homogenous nucleolar staining with fine speckled nuclear staining (Fig. 3i, j) though nucleolar staining may be less clear in some cases (Fig. 3j) . Anti-U3RNP antibodies show clumpy nucleolar staining (Fig. 3k) . Antibodies to Jo-1 (Fig. 3l) , PL-7 (Fig. 3m) , PL-12 (Fig. 3n) , and other ARS stain cytoplasm in a fine speckled pattern but the staining may be weak or absent in some cases. Anti-SRP antibodies show fine speckled cytoplasmic staining (Fig. 3o) . MDA5 antigen localizes to the cytoplasm and positive sera may stain the cytoplasm but it is often very weak or negative (Fig. 3p) Immunofluorescence ANA Pattern and Autoantibody Specificities in PM/DM IP is a gold standard for detection of the majority of MSA; however, this technique is available only at limited research laboratories. ELISA for anti-Jo-1 and U1RNP are widely available and anti-ARS ELISA that detects anti-Jo-1, EJ, PL-7, PL-12, and KS is available in Japan; mixed antigens are used, and individual specificity is not available [17] . Line immunoassay and other new types of assays have been used for some of the MSA; however, validation of the assay compared with a gold standard is limited and discrepancies in test results have been reported [119] . Thus, being familiar with the localization of the target antigens and immunofluorescence ANA pattern can be useful in two ways. First, specificities of autoantibodies that have higher chance of positivity for a particular patient can be considered when clinicians order specific autoantibody tests selected based on immunofluorescence pattern. Second, when specific autoantibody test result is inconsistent with the ANA pattern, falsepositive test result may be considered, e.g. positive anti-Mi-2 with cytoplasmic staining can be considered inconsistent [1] .
ANA pattern and corresponding myositis autoantibody specificities are summarized (Fig. 4) . Anti-U1RNP, anti-U1/U2RNP, and anti-Ku are considered for a serum with coarse nuclear speckled pattern. For fine nuclear speckled pattern, anti-Mi-2, TIF1γ/α, and anti-SAE may be considered. Staining patterns by anti-Mi-2 and TIF1γ/α are indistinguishable though antiMi-2 sera usually show brighter staining. Multiple nuclear dots (PML) pattern is consistent with anti-MJ/NXP-2 staining though this may not be apparent in all cases. Some sera may show nuclear fine speckled pattern without PML body staining [75] . Cajal body staining can be seen by anti-SMN (survival of motor neuron) antibodies found in PM or PM overlap syndrome [120] . Nucleolar stainings associated with myositis are homogeneous staining by anti-PM-Scl and clumpy staining by anti-U3RNP antibodies. Strong cytoplasmic staining is consistent with the presence of anti-ARS or SRP. Although ARS localize in the cytoplasm, staining may be weak or absent. MDA5 antigen localizes to the cytoplasm but cytoplasmic staining is often weak or absent. IP is a very powerful and reliable technique that has been used and considered a reliable assay over 30 years, but it has been performed only at a limited number of laboratories and never become a routine assay in clinical practice. Currently, anti-Jo-1 ELISA is the only widely available testing for most clinicians. A new ELISA of anti-ARS to detect antibodies to Jo-1, EJ, PL-7, PL-12, and KS in a single ELISA using a mixture of these antigens has been validated compared with IP and released recently in Japan [17] . Line immunoassay is available in certain countries but has not been used extensively. ELISA and beads assays for several MSAs, in particular the ones with high clinical significance such as anti-TIF1γ and MDA5 are currently under development. They will be widely available in the near future and tests for these autoantibodies will become a part of standard tests in clinical practice of inflammatory myopathy.
While wide availability of new autoantibody immunoassays will be definitely welcomed, performance of new immunoassays without validation is a concern [119] . New immunoassays should be validated against a gold standard such as IP and DID before releasing to the market as performed for some new assays [17] to avoid confusion among clinicians and researchers [119] .
Cryptic Epitopes and Mechanisms of MSA Production
Autoantibodies in each PM/DM patient target only a few proteins or protein-RNA complexes. Several autoantibodies are considered MSA; however, presence of more than one MSA in the same patient is uncommon. Patients with antibodies to any ARS could have similar clinical features, known as antisynthetase syndrome; however, detection of antibodies to more than one ARS in each patient is rare for unknown reasons. Thus, it is assumed that there are mechanisms, which select the target antigens of MSA out of thousands of proteins in cells in each patient. We would like to discuss a possibility that certain MSAs, in particular cancer-associated autoantibodies, are triggered by formation of cryptic epitopes resulting from a mutation of the target antigens.
It has been speculated that quantitative (e.g., upregulation or reduced degradation of certain proteins) or qualitative changes (e.g., mutation, aberrant post-translational modification, unusual interaction with other proteins, etc.) or unusual location (e.g., translocation of nuclear proteins to the cell surface) may trigger specific autoimmune responses. A concept of Bcryptic epitopes^may be important to understand this idea [121] . Extracellular antigens are typically processed via endosomes and the resulting peptides are presented on MHC class II at the surface of antigen-presenting cells (APCs), whereas intracellular antigens are processed via the proteasomes and the peptides presented on MHC class I.
Whether the MHC-peptide complex is recognized as non-self is a critical step toward triggering autoimmune response. Mutation of amino acids can change the pattern of protein digestion and create cryptic epitopes presented on the cell surface MHC. Autoreactive T cells are deleted during T cell development; however, immunological tolerance to epitopes that have little or no expression during this process may be incomplete. When the cryptic epitopes are expressed on APCs in the body in certain conditions, it could trigger autoimmune response. It is not a new concept that changes in the structure or expression levels of certain self-proteins, occurring during tumorigenesis for example, may be associated with triggering autoimmune responses [122] .
Perhaps the best-known example is an autoimmune response to a tumor suppressor gene p53 in patients with malignancy. In individuals with a mutation of the tumor suppressor gene p53, loss of normal p53 functions due to amino acid replacement may lead to a development of cancer while the mutated p53 can create cryptic epitopes (Fig. 5) , which is recognized as non-self by the immune system and triggers autoantibodies to p53. The immune system is sensitive to detect a single amino acid change and accompanying conformational changes resulting from a point mutation in p53. Autoantibodies to p53 have been reported in patients with Fig. 5 Formation of cryptic epitopes via a somatic mutation. A somatic mutation that causes amino acid replacement may create cryptic epitopes, which can be recognized as non-self and trigger autoimmune response. Top, normal protein digested by trypsin makes normal peptides that are supposed to have immunological tolerance. Bottom, if arginine is replaced by other amino acid, trypsin digestion may create cryptic epitopes that have no or incomplete immunological tolerance and trigger autoimmune response various types of cancer that are associated with certain p53 mutations [123, 124] . Recently, an association of POL3A mutation and production of anti-RNA polymerase III antibodies in SSc patients with malignancy was reported [125] . Six of 8 anti-RNAPIII-positive cancer-SSc patients had somatic mutation or loss of heterozygosity, which suggest the presence of mutation. In contrast, these changes were not observed in SSc patients with cancer in six anti-centromere and six anti-topo Ipositive patients. Thus, the mechanism of production of anti-RNAPIII in these patients may be exactly same as that of antip53 antibody.
Autoantibodies to TIF-1γ/α have been described recently in strong association with cancer-associated DM [7, [97] [98] [99] . Based on the effects of TIF-1γ as a tumor suppressor reported in murine models and humans [96, 126, 127] , it seems reasonable to hypothesize that the mechanisms of production of anti-TIF-1γ in patients with cancer-associated DM could be similar to what is speculated in patients with p53-mutated cancer; TIF-1γ mutation could be the primary event that leads to the development of cancer and production of autoantibodies to TIF-1γ (Fig. 6) . DM in these patients may be considered as a paraneoplastic syndrome. Roles of TIF-1γ in viral infection and its interactions with viral proteins have been reported [128, 129] . TIF-1α, TIF-1β, and TIF-1γ are identified as adenoviral E1B-55K-binding proteins. TIF-1γ is shown to be a target for degradation by human adenoviruses and it possesses anti-viral activity and limits adenovirus early and late gene product expression during infection [128] . In a mouse model of autoimmune response to p53, it was shown that immunization of viral SVT/self p53 complex induced anti-p53 autoimmune response while immunization of p53 alone did not [130] . One possible explanation was that interaction of viral protein with self p53 modified antigen processing, leading to production of cryptic epitopes. A possible role of viral infection in the pathogenesis of JDM has been discussed for many years without solid and universal evidence. It is tempting to speculate that viral infection, which may create cryptic epitopes of TIF-1γ/α, is the primary event in certain cases of JDM or young adult patients with anti-TIF-1γ/α.
It is also possible that de novo mutations of a gene for other MSA antigens, which occur somewhere in the body, lead to production of autoantibodies. A difference from the p53 model and difficulty when trying to prove or disprove this hypothesis will be the location to test for the mutations in MSA antigens not associated with malignancy. While locating the p53 mutation in the body is relatively easy in a majority of cases, usually at the site of cancer, it will not be easy to locate the site of mutation of genes for MSA antigens in PM/DM without malignancy [131] . Fig. 6 Hypothesis on the production of anti-TIF1γ/α antibodies based on mutation of TIF1γ or interaction of viral proteins with TIF1. In old adult DM patients with malignancy, TIF1γ mutation may allow development of malignancy while the mutated protein may also trigger autoimmune response to TIF1γ. In JDM or young adult DM patients, interaction of viral proteins with TIF1 proteins may create cryptic epitopes, leading to the autoimmune response Conclusions MSA are highly specific for the diagnosis of PM/DM, and many of them are also associated with a unique clinical subset of PM/DM, making them clinically useful biomarkers. There has been significant progress in MSA in the last 10 
